


Table 1. Summary of tracer injections in the Mammoth Creek study area, southwestern Utah.

[g, grams; kg, kilograms; —, no data]

Travel
Tracer-injection Date-time of Amount Tracer-recovery Date-time of time to I__|near
. L Type of tracer of . tracer recovery first distance
site tracer injection site - . ;
tracer (first arrival) arrival (feet)
(hours)
Mammoth Creek 10/02/02 1300  Rhodamine WT 1liter Bonanza spring 10/02/02 2015 '7.25 750
dye
Mammoth Creek at 10/12/02 1300  Fluorescein dye 454 ¢ Hatchery springs 10/12/02 2300 10 2,800
Sartini (combined)
McCormick spring 10/13/02 1100 22 3,300
Mammoth Creek at 10/09/03 1630  Rhodamine WT 1liter ~ West hatchery spring  10/10/03 0000 7.5 2,800
Sartini dye
East hatchery spring 10/10/03 0100 8.5 3,000
McCormick spring 10/10/03 1045 °18.25 3,300
10/09/03 1615  Bacteria 10" cells  East hatchery spring 10/10/03 0700 “14.75 3,000
(OY-107 strain)
10/09/03 1645  Club moss spores 1kg East hatchery spring 10/10/03 1205 °19.25 3,000
Mammoth Creek 10/10/02 1340  Sodium bromide 25 kg No recovery — — — —
canal
10/11/02 1720  Sodium bromide 25 kg No recovery — — — —
Mammoth Creek 07/31/03 2200  Fluorescein dye 1.36 kg McCormick spring 08/19/03 1700 °451 o
canal

'Samples collected downstream of spring; maximum travel time.
*Samples collected daily; maximum travel time.

3 . . . .

Samples collected twice daily; maximum travel time.

4- . . .
Recovered near peak dye concentration; maximum travel time.
*Represents composite sample over previous 13.5 hours.

°Dye recovered on activated charcoal; maximum travel time.
"Exact location of loss zone along canal unknown.

119


egbaker
Text Box
119

egbaker
Text Box
119

egbaker
Text Box

egbaker
Text Box
119

egbaker
Text Box
119

egbaker
Text Box
119


120

to discharge only from Bonanza spring. Ground-
water travel time (first arrival) from Mammoth
Creek (at Sartini) to the west hatchery spring was
about 7.5 hours with a lag of about 1 hour between
the west and east springs (fig. 4). Time to peak dye
concentration (about 7 parts per billion) occurred
about 8 hours after first arrival. Total dye-mass
recovery for both springs was about 22 percent of
that injected.

Ground-water movement from Mammoth
Creek to the hatchery springs appears to be along
flow path(s) that are separate from those to Bonanza
spring and are probably related to fracturing within
the basalt. However, because water from the
hatchery springs and McCormick spring discharges
from multiple outlets along the same horizon, flow
appears to be, at least in part, along lateral zones of
high permeability within the basalt. These zones
could include horizontal fractures, interflow
horizons between successive lava flows, or possibly
the contact between the base of the basalt and the
original valley floor.

Although pathways of rapid ground-water flow
exist between the losing reach along Mammoth
Creek and the hatchery springs, low variability in

spring flow indicates that this is probably a small
component of total discharge and that average
ground-water travel time within the aquifer is likely
to be considerably longer. The concentration of
tritium (15.4 picocuries per liter) in water from the
west hatchery spring indicates, however, a
substantial component of modern (post-1960s)
water.

Results of dye-tracer studies indicate that
ground-water time of travel between Mammoth
Creek and the west and east hatchery springs is well
within the 2-week timeframe of viability of the
whirling disease parasite. However, results of
studies using bacteria and club moss spores as
surrogate tracers to simulate the size and movement
of the parasite underground indicate that the
potential for transport of the parasite through the
fractured basalt aquifer from the creek may be low.
Bacteria concentrations in water samples from the
springs generally were below reporting limits (less
than 10 cells per milliliter), and club moss spores
were recovered from only a few samples.
Substantial losses of the particle tracers probably
occurred during infiltration through the streambed
sediments and during transport within the aquifer.
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Figure 4. Rhodamine WT dye-recovery curves, and bacteria and club moss spore peak recoveries for
the east hatchery spring. No particle tracers were recovered from the west hatchery spring.



Although the vast majority of particle tracers were
not recovered, peak concentrations for the bacteria
(about 10 cells per milliliter) and club moss spores
(about 60 spores per milliliter) in water from the east
hatchery spring coincided with peak dye recovery
(fig. 4). No particle tracers were recovered from the
west hatchery spring.

Streamflow measurements along the irrigation
canal off Mammoth Creek showed substantial losses
along selected reaches, particularly in the upper part
of the canal (fig. 1). Measured streamflow losses
along a 2-mi reach below the diversion were as
much as 2 ft3/sec, or about 22 percent of the flow.
Bromide and dye tracers injected in the canal just
below the diversion in October 2002 and July 2003,
respectively, were not detected at the hatchery
springs, but dye was detected at McCormick spring
(table 1). Non-detection of the tracers at the hatchery
springs probably resulted from dispersion and dilu-
tion within the matrix of the basalt aquifer, resulting
in ground-water travel times greater than the 6-week
monitoring period and (or) tracer concentrations
below the detection limits. Although water lost
along the upper reaches of the canal probably dis-
charges at the hatchery springs, ground-water travel
times likely exceed the timeframe of viability for
transport of the parasite through the basalt.

SUMMARY

Dye-tracer studies at the Mammaoth Creek Fish
Hatchery indicate that water lost through the channel
of Mammoth Creek discharges from the west and
east hatchery springs. Ground-water time of travel to
the springs was about 7.5 hours, well within the 2-
week timeframe of viability of the whirling disease
parasite. However, results of studies using soil bac-
teria (Acidovorax) and club moss (Lycopodium)
spores as surrogate particle tracers for the parasite
indicate that the potential for transport through the
fractured basalt from the creek may be low. Substan-
tial losses of the particle tracers occurred during
streambed infiltration and aquifer transport. Bacteria
concentrations generally were below reporting lim-
its and club moss spores were recovered from only a
few samples. However, peak concentrations for the
bacteria and club moss spores in water from the east
hatchery spring coincided with peak dye recovery.
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No particle tracers were recovered from the west
hatchery spring. In addition, bromide and dye tracers
injected in an irrigation canal were not detected at
the hatchery springs.
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